Melanoma cells are relatively resistant to Apo2L/TRAIL (TNFrelated apoptosis-inducing ligand). We postulated that resistance might result from higher expression of inhibitors of apoptosis including Bcl-2, FLIP (FLICE-like inhibitory protein) or IAPs such as XIAP (X-linked inhibitor of apoptosis) or survivin. Compared to scrambled or mismatch controls, targeting individual inhibitors with siRNA (si-Bcl-2, si-XIAP, si-FLIP or si-Surv), followed by Apo2L/TRAIL resulted in marked increase in apoptosis in melanoma cells. Compared to Bcl-2 or FLIP, siRNAs against XIAP and survivin were most potent in sensitizing melanoma cells. A similar substantial increase in apoptosis was seen in renal carcinoma cells (SKRC-45, Caki-2), following the inhibition of either XIAP or survivin by siRNAs. Apo2L/TRAIL treatment in IAP-targeted cells resulted in cleavage of Bid, activation of caspase-9 and cleavage of PARP (poly ADP-ribose polymerase). Thus, Apo2L/TRAIL resistance can be overcome by interfering with expression of inhibitors of apoptosis regulating both extrinsic (death receptor) or intrinsic (mitochondrial) pathways of apoptosis in melanoma cells.
Introduction
Apoptosis plays a critical role in differentiation, in elimination of cells that sustain genetic damage or undergo uncontrolled cellular proliferation. [1] [2] [3] With recent advances in molecular genetics, it has become evident that malignant cells commonly have defects in cell death control and apoptosis. [1] [2] [3] Inhibition of apoptosis can lead to tumorigenesis and resistance to therapy. 4 The antiapoptotic proteins, Bcl-2, [5] [6] [7] Flice-inhibitory protein or FLIP 8, 9 and inhibitors of apoptosis (IAPs) such as X-linked inhibitor of apoptosis (XIAP), c-IAP and survivin, are elevated in a range of human cancers including melanomas, prostate carcinoma and gliomas. 4, 10 Thus, targeting IAPs represents a promising strategy for a wide spectrum of malignancies. 4, 10, 11 Although the precise mechanism by which they exert their antiapoptotic effects is unclear, the cellular stoichometry of the antiapoptotic Bcl-2 family members compared with their apoptotic homologues (Bax) often defines the susceptibility of cells to a death signal. [5] [6] [7] FLIP primarily blocks apoptosis induced by death receptors such as Fas, TRAIL-R and TNF-R1. High levels of FLIP L have been reported in melanoma and metastatic cutaneous melanoma lesions from human patients. 8, 9 IAPs negatively regulate apoptosis by inhibiting caspase activity. 11, 12 Caspases form a proteolytic network that is responsible for cleavage of other proteins, leading to morphological manifestations of apoptosis. 2, 5 IAPs regulate apoptosis both by preventing the action of central execution phase through direct inhibition of the effector caspase-3 and/ or caspase-7 and in addition, prevent initiation of the intrinsic caspase cascade by directly inhibiting the apical caspase-9. However, IAPs also play a role in cell-cycle regulation, ubiquitination and proteosome-mediated protein degradation. [11] [12] [13] Apo2L/TRAIL is a transmembrane protein that shares homology in its extracellular domains with other members of the tumor necrosis factor (TNF) family. 14, 15 Induction of Apo2L/TRAIL in response to IFNs correlated inversely with resistance to IFN-induced apoptosis in melanoma cell lines. 16 However, most of the melanoma cell lines were relatively resistant to recombinant Apo2L/TRAIL protein as a single agent. [17] [18] [19] Overexpression of XIAP and FLIP has been implicated to confer Apo2L/TRAIL resistance in melanoma and other tumors. 18, 19 Sensitization of melanoma cells to Apo2L/TRAIL-induced apoptosis by IFN-b pretreatment correlated with the cleavage of XIAP. 17 To test whether the death-inducing potential of Apo2L/ TRAIL could be enhanced by downregulation of inhibitors of apoptosis, Bcl-2, XIAP, FLIP, or survivin, suppression of gene expression by small (synthetic 21-base duplex RNA) interfering RNA (siRNA), [20] [21] [22] was utilized to inhibit their expression in melanoma and renal carcinoma cells. The results show that these inhibitors play an important role in mediating resistance to apoptotic effects of the cytokines Apo2L/ TRAIL and TNF-a but this resistance can be reversed significantly by downregulation of their expression.
Results
Downregulation of Bcl-2, FLIP, XIAP and survivin protein expression utilizing 21-mer synthetic siRNAs in melanoma cells Melanoma cells (A375) were transfected either with lipofectamine alone, a control siRNA (a random scrambled sequence; si-Scr), or with gene-specific siRNAs (20-40 nM) targeted against Bcl-2 (si-Bcl-2), XIAP (si-XIAP), survivin (si-Surv) or FLIP (si-FLIP). Cells were analyzed at 48 and 72 h posttransfection for protein expression by immunoblotting. All siRNAs utilized in this study downregulated protein expression of respective genes by 50-90% (Figure 1a) . To address the issue of gene specificity 21 or nonspecific off-target effects 23 of siRNAs used in the study, mismatch (2-4 nt) siRNAs were designed against si-Bcl-2 (si-Bcl-2 MM) and si-XIAP (si-XIAP MM). A375 cells were transfected with 20 nM of either mismatch siRNA or siRNAs against Bcl-2 or XIAP. Lipofectamine control as well as scrambled siRNA were also used as internal controls. Both si-Bcl-2 and si-XIAP inhibited protein expression (50-80%). However, similar to si-Scr, mismatch siRNA had no significant effect on expression of either XIAP or Bcl-2 expression (Figure 1b,c) . si-XIAP downregulated XIAP but no such effect was observed on expression of either Bcl-2 or survivin (Figure 1b) . Similarly, siBcl-2 was specific for Bcl-2 as no downregulation of Bax, Bad or XIAP proteins was observed (Figure 1c) . At higher concentrations of si-XIAP (460-100 nM), nonspecific downregulation (30-50%) of survivin was observed, which correlated with increased si-RNA-associated cytotoxicity in cells (data not shown).
Since siRNA has been shown to result in Interferon (IFN) gene induction in some cells, 24, 25 A375 cells transfected with chemically synthesized 21 nt siRNAs were also analyzed for two different IFN-stimulated genes (ISGs), signal transducer and activator of transcription 1 (STAT-1) and ISG15 (p15). Both STAT-1 and ISG15 are induced very strongly (410-fold) in most cells in response to IFNs or viral infection. 26 Compared to controls, the XIAP-specific siRNAs utilized in this study did not induce STAT-1 or ISG15 protein expression in A375 cells (Figure 1d ). Treatment with IFN-a2 (25 U/ml) for 16 h resulted in strong induction of both STAT-1 and ISG15 in A375 cells. Induction of two other ISGs (UBE2L6 and USP18) was analyzed in A375 cells following transfections with si-XIAP or lipofectamine alone by quantitative PCR (ABI 7700, Applied Biosystems, Foster City, CA, USA). Compared to wild-type cells (expression E1), no induction of transcripts of USP18 and UBE2L6 was observed in lipofectamine (1.006 and 1.02)-or si-XIAP (1.07 and 1.09)-transfected cells. Thus at given concentrations, siRNAs utilized in this study were selective, specific and relatively nontoxic.
Inhibition of IAPs reverses Apo2L/ TRAIL resistance in melanoma cells
In our previous study, 17 To determine the role of various inhibitors of apoptosis in mediating resistance to Apo2L/TRAIL, a melanoma cell line (A375), defective in endogenous Apo2L/TRAIL gene induction, was chosen. 16 To determine whether si-XIAP might augment apoptosis, cells were transfected either with lipofectamine alone, control siRNAs (si-Scr, si-XIAP MM), or with si-XIAP (Figure 2a) . Although some nonspecific apoptosis occurred in controls (15-23%), marked augmentation in apoptosis occurred only with si-XIAP (Figure 2a ). Similar effects were observed when cells were transfected with si-Bcl-2, si-FLIP or si-Surv, followed by treatment with either TNF-a (50 ng/ml) or Apo2L/TRAIL (100 ng/ml) for 12-16 h. Apoptotic cell death was assessed by both Annexin V/PI staining and TUNEL staining followed by bivariate FACS analysis ( Figure  2b To confirm that our observations were common to other melanomas, WM9, WM35, MUM2C and C918 cell lines were transfected with specific siRNAs and treated with Apo2L/ TRAIL as above. Apo2L/TRAIL (16 h) alone had no significant effect on TUNEL staining (5-10%). However, siRNAs against different inhibitors sensitized WM9, MUM2C and C918 cells to Apo2L/TRAIL-induced apoptosis. As with A375, siRNA against XIAP was most potent in rendering melanoma cells TRAIL sensitive (Figure 3 ). Of the five melanoma cell lines, only WM35 were relatively resistant to Apo2L/TRAILmediated apoptosis (E28-35% apoptosis in si-XIAP-transfected cells). Even though the percent apoptosis compared to other cell lines was low, it was still significant compared to controls (P ¼ 0.0182). Resistance in these cells could be due to either lower transfection efficiency (only 30-50% downregulation of XIAP was observed in three different experiments) or defects in Apo2L/TRAIL signaling pathway. These cells were also resistant to Apo2L/TRAIL-induced apoptosis in combination with other therapeutics like IFN-b or nitrosylcobolamin. 17, 27 In the renal cell carcinoma cells, SKRC-45 ( Figure 3 ) and Caki-2 (data not shown), both si-XIAP and si-Surv were potent in sensitizing cells to apoptosis (50-80%). No significant apoptosis was observed following siRNA and TNF-a combination in either melanoma or renal cell carcinoma Figure 3 ). Apo2L/TRAIL is a tumor-specific inducer of apoptosis with little or no toxicity towards primary cells. 28 To assess whether siRNAs against inhibitors of apoptosis would sensitize primary cells to TRAIL-induced apoptosis, the effect of si-XIAP was analyzed in diploid cells, DMN-1 (melanocyte) and human foreskin fibroblasts (HFF). Primary cells expressed lower levels of XIAP compared to A375 melanoma cells. Transfections of DMN-1 or HFF cells with si-XIAP resulted in downregulation of XIAP expression (E50%), but did not sensitize them to Apo2L/TRAIL-induced apoptosis (o15-20%) as assessed by TUNEL analyses (data not shown).
Apo2L/Trail-induced activation of caspase cascade is amplified by inhibition of IAPs
To probe the mechanism of apoptotic crosstalk between downregulation of inhibitors of apoptosis and Apo2L/ TRAIL, cleavage of synthetic substrates that indicate caspase activation was assessed. A375 cells were transfected with either control siRNAs or with siRNAs against Bcl-2, XIAP, FLIP and survivin. After 48 h, cells were replated and either left untreated or were treated with Apo2L/ TRAIL for 1, 2 and 4 h. Cell extracts were analyzed for caspase-3, caspase-8 and caspase-9 activity using specific fluorogenic caspase tetrapeptide substrates. Compared to lipofectamine control, siScr, si-Bcl-2 MM or si-XIAP MM transfections had no greater effect on the caspase activity in A375 cells.
Consistent with our previous observation in untransfected A375 cells, 17 Apo2L/TRAIL (2-4 h) resulted in a 5-10-fold increase in caspase-3 enzymatic activity in si-Scr-, si-Bcl-2 MM-or si-XIAP MM-transfected cells. No significant change in caspase-3 activity was observed after 1 h treatment (Figure 4a ). However, compared to controls, si-Bcl-2, si-XIAP, si-FLIP and si-Surv followed by Apo2L/TRAIL augmented caspase-3 activity within 1 h (2-5-fold), which further increased (20-40-fold) in a time (2-4 h)-dependent manner (Figure 4a ). Maximum increase in activity of caspase-3 was observed until 6-8 h following Apo2L/TRAIL treatment (data not shown). Consistent with caspase-3 activation, Apo2L/ TRAIL (1-4 h) induced a 1.8-2.5-fold increase in caspase-8 activity in either lipofectamine-control or in cells transfected with either control siRNAs (Figure 4b ). However, in cells transfected with si-IAPs, a 3-8-fold increase in caspase-8 activity was observed, 2-4 h following Apo2L/TRAIL (Figure 4b ). si-FLIP was most potent in inducing caspase-8 activation; E4-fold activation was observed as early as 1 h. This was further augmented with increasing time (Figure 4b) .
Since Apo2L/TRAIL resulted in activation of caspase-3, a block in apoptosis downstream of caspase-3 was postulated. XIAP is a potent IAP that binds and inhibits caspase-9 and caspase-3. 29 XIAP expression has been associated with Apo2L/TRAIL resistance in melanoma cells. 19 Thus, the effect of si-IAPs on caspase-9 was also analyzed. In si-Scr-, si-Bcl-2 MM-or si-XIAP MM-transfected cells, Apo2L/TRAIL had no significant effect on caspase-9 activity (Figure 4c ). However, in si-Bcl-2-, si-XIAP-, si-Surv-and si-FLIP-transfected cells, treatment with Apo2L/TRAIL resulted in a marked increase (2-6-fold) in caspase-9 activity. Cells transfected with si-XIAP had the greatest increase in caspase-9 activity following Apo2L/TRAIL treatment (Figure 4c) . Thus, failure to activate caspase-9 was partly responsible for resistance to TRAILinduced apoptosis.
Apo2L/TRAIL-induced cleavage of Bid: crosstalk between extrinsic and intrinsic pathway
The effect of si-FLIP-mediated downregulation of FLIP on activation of caspase-8 followed by caspase-3 was expected, since inactivation of this inhibitor would stabilize the signaling 8 . Similarly, amplification of caspase-9 and caspase-3 activity reflected downregulation of either Bcl-2 or XIAP, since both inhibit caspase-9. However, Apo2L/TRAIL induced a 4-8-fold increase in caspase-8 activity in si-XIAP-or si-Bcl-2-transfected cells, which was not expected. To assess a possible interaction connecting the intrinsic (mitochondrial) pathway with the extrinsic (death receptor) pathway, time course analyses were done to analyze cleavage of Bid, a proapoptotic Bcl-2 family member. Activated caspase-8 cleaves caspase-3 as well as Bid. Cleaved or truncated 15 kDa Bid (t-bid) translocates to mitochondria, resulting in release of cytochrome c. Released cytochrome c binds to Apaf-1 and procaspase-9 to form an active apoptosome complex. 5, 6 Therefore , immunoblot analysis of Bid was performed in A375 cells transfected either with control siRNAs (si-Bcl2 MM and si-XIAP MM) or with si-Bcl-2 and si-XIAP followed by Apo2L/TRAIL treatment for 1, 2 and 4 h. 
Apo2L/TRAIL-induced cleavage of caspase-3 and PARP in melanoma cells transfected with siRNAs against IAPs
Apo2L/TRAIL-induced caspase-3 cleavage was confirmed in melanoma cells by immunoblot analyses. Cells transfected with either control siRNA (si-Scr) or gene-specific siRNAs were treated with TNF-a or Apo2L/TRAIL for 8 h (maximum activation of caspase-3 was observed at 6-8 h) and were immunoblotted with caspase-3 and PARP antibodies. Consistent with the fluorogenic substrate caspase activity assays, the 32 kDa procaspase-3 was cleaved to a 20 kDa active form after Apo2L/TRAIL treatment of both untransfected or cells transfected with siRNAs. However, the p17 and p11 subunits resulting from the autocatalytic cleavage of caspase-3 were observed only in cells where expression of any one of the inhibitors was downregulated. No significant cleavage of caspase-3 was observed following TNF-a in cells transfected with either si-Scr or si-IAPs (Figure 6a) .
Furthermore, despite increased caspase-3 activity, PARP was not cleaved in control siRNA (si-Scr)-transfected cells treated with Apo2L/TRAIL (Figure 6b ). Similar to si-Scr, no cleavage of PARP was observed in lipofectamine-control, siBcl-2 MM-or si-XIAP MM-transfected cells (data not shown). Consistent with TUNEL and Annexin V positivity, Apo2L/ TRAIL treatment resulted in cleavage of PARP only in cells in Figure 4 Effect of siRNAs upon caspase enzymatic activity. Caspase-3, caspase-8 and caspase-9 activities were measured using a commercially available ApoAlert assay kit (Clonetech, Palo Alto, CA, USA). siRNA-transfected cells either left untreated or treated with Apo2L/TRAIL (1, 2 and 4 h) were washed twice with cold PBS and lysed on ice in 50 ml cold lysis buffer. Cell lysates were centrifuged at 10 000 Â g for 10 min to remove cellular debris. Cell lysates containing equivalent amount of protein were assayed (in triplicates) for protease activity towards the synthetic fluorogenic substrates of caspase-3 (a), caspase-8 (b) and caspase-9 (c), respectively. Relative fluorescence was measured at 380/460 nM. Error bars represent mean7standard error from three independent experiments 
Discussion
Modulating the expression of apoptotic regulators such as Bcl-2 and IAPs is an attractive strategy for probing their role in enhancing tumor cell apoptosis and thus defining potential therapeutic strategies. 1, 4, 10, 12 Mammalian gene function has traditionally been determined by methods such as murine knockout models, introduction of transgenes and or gene targeting by antisense oligonucleotides, 30 ribozymes 31 or dsRNA interference techniques. 20 RNA interference (RNAi) is a post-transcriptional gene silencing mechanism that is triggered by dsRNA. [20] [21] [22] Gene silencing can be elicited effectively by specific 21-base duplex RNAs, termed siRNA without invoking generic antiviral host defense mechanisms. 21, 22 Thus to minimize nonspecific cytotoxicity sometimes associated with antisense oligonucleotides or ribozymes, 30, 31 small synthetic siRNAs were utilized in this study.
Cells transfected with IAP-specific siRNAs potently suppressed specific target gene expression. At concentrations of siRNA used in this study (20 nM) , no off-target effects were observed. Si-XIAP and si-Bcl-2 downregulated XIAP and Bcl-2 proteins, respectively, without effecting expression of other closely related genes such as survivin, Bax or Bad (Figure  1b,c) . Lipid-based transfection reagents induced a small increase in basal apoptosis (10-15%) compared to untreated cells. No further increase in apoptosis associated with siRNA was observed. Since in some cells, siRNAs have been reported to induce IFN response, 24, 25 through activation of dsRNA-activated protein kinase (PKR) and RNase L pathway. 25, 32 To confirm the specificity of siRNAs used in this study, the IFN response in A375 melanoma cells was assessed following transfection with siRNAs. However, A375 cells transfected with IAP-specific siRNAs showed no induction of IFN-stimulated genes STAT-1 and ISG15 (Figure 1d ).
Resistance to Apo2L/TRAIL has been attributed to differential expression of death receptors, 33 defects in caspase-8, 34 higher expression of FLIP 9 or XIAP 19 or defects in Apaf-1 35 expression. Apo2L/TRAIL binds to its receptors, activates caspase-8 and results in cleavage of procaspase-3 to active caspase-3 (p20/p12), yet does not induce apoptosis in melanoma cells. 17 Tumors such as melanoma, glioma, prostate, colon and breast carcinoma, reported to be Apo2L/ TRAIL-resistant, have been rendered Apo2L/TRAIL sensitive by cotreatment with chemotherapeutic agents such as nitrosylcobalamin, 27 actinomycin D (actD), irinotecan (CPT-11), 5-fluorouracil [36] [37] [38] [39] and IFN-b. 17 These may inhibit expression of downstream inhibitory proteins like FLIP and IAPs that bind to FADD or other proteins in the caspase pathway. [17] [18] [19] The Bcl-2 gene is the prototype of a class of genes that contributes to neoplastic progression by enhancing tumor cell survival through the inhibition of apoptosis. 6, 7 Bcl-2 levels are elevated in follicular lymphoma, melanomas, prostate and gliomas, 6, 40 suggesting that a decrease in Bcl-2 might sensitize cells to apoptotic stimuli. 6, 7, 41 As hypothesized, downregulation of Bcl-2 by siRNA sensitized melanoma cells to Apo2L/TRAIL-induced apoptosis (Figures 2,3 ). Apo2L/ TRAIL stimulated cleavage of Bid, caspase 3 (p17/p11) and PARP following downregulation of Bcl-2 in A375 melanoma cells (Figures 5,6 ). Thus, downregulation of Bcl-2 may activate the mitochondrial arm (intrinsic pathway) to amplify the effects of death receptor-mediated apoptosis. 42 Unlike Bcl-2 family members that elicit their antiapoptotic effects by regulating the intrinsic pathway, FLIP and other IAPs act predominantly by directly binding and inhibiting initiator as well as executioner caspases. FLIP (a dominant negative homolog of caspase-8) interacts with the adaptor protein FADD and caspase-8 (FLICE). FLIP forms heterodimers with caspase-8 that are nonfunctional. These heterodimers are more stable than the functional caspase-8 homodimers, resulting in inhibition of caspase-8 activity in cells overexpressing FLIP. 8, 9 In melanoma cells, Apo2L/ TRAIL resulted in increased activity of caspase-8 (2-2.5-fold) and caspase-3 (3-6-fold) but no apoptosis (Figure 4a,b) . Thus, FLIP expression did not seem to have a direct role in mediating Apo2L/TRAIL resistance in melanomas.
Based on this observation, it was postulated that resistance to apoptosis lies downstream from caspase-8. However, a 2-6-fold amplification of caspase-8 and caspase-3 activity and TUNEL positivity occurred following Apo2L/TRAIL treatment in A375 cells transfected with si-FLIP (Figure 2,4) . In comparison with other targeted modulators of apoptosis, downregulation of FLIP resulted in a greater relative increase in caspase-8 activity. Caspase-8 itself cannot induce secondary cleavage of caspase-3, but it results in cleavage of Bid, affecting mitochondrial potential and in turn activating the intrinsic pathway. 42, 43 Increased caspase-8 activity may Figure 6 siRNA-IAPs and Apo2L/ TRAIL induced cleavage of caspase-3 and PARP in melanoma cells. siRNA-transfected A375 cells treated with TNF-a and TRAIL/Apo2L were washed twice with cold PBS and lysed on ice in cold lysis buffer. Cell lysates were subjected to Western blot analysis using caspase-3 and PARP antibodies, followed by HRP-conjugated secondary antibody. Blots were developed using enhanced chemiluminescence system. 29 Infection of non-small-cell lung carcinoma or ovarian carcinoma cells with adenovirus expressing XIAP resulted in increased resistance to g-irradiation- 44 and cisplatin-induced apoptosis. 45 Similarly, expression of survivin in tumor cells conferred a poor prognosis. 46, 47 Like other IAPs, survivin mediates its inhibitory function by inhibiting caspase-3. 10, 46, 47 As postulated, downregulation of either XIAP or survivin utilizing siRNAs sensitized tumor cells to apoptosis. Active XIAP or survivin may bind to the p20 subunit of caspase-3, preventing the second catalytic cleavage that is necessary for its activation. 11, 29, 47 Compared to XIAP, melanoma cells did not express high levels of survivin, implicating XIAP as a significant inhibitor of Apo2L/TRAIL-induced apoptosis. Amplification of the caspase cascade in si-XIAP-transfected cells correlated with cleavage of Bid ( Figure 5 ), indicating crosstalk between the extrinsic and intrinsic pathway. 2, 6 Increase in cell death correlated with increased caspase-9, caspase-8 and caspase-3 activity.
Despite comparable activation and cleavage of caspases in melanoma cells by siRNAs, inhibition of XIAP was the most potent in sensitizing cells to Apo2L/TRAIL-induced apoptosis (Figures 2,4) . Resistance to Apo2L/TRAIL or TNF-a induced apoptosis has been attributed to the induction of NF-kB, a survival factor. 48, 27 Nitrosylcobalamin (a nitric oxide donor) and curcumin sensitized cells to Apo2L/TRAIL by inhibiting NF-kB activation. 27, 49 Enhanced apoptosis by downregulation of XIAP could partly be due to inhibition of NF-kB activity. 50, 51 Overexpression of XIAP, a NF-kB-dependent member of IAP family lead to increased nuclear translocation of p65 subunit of NF-kB involving mitogen-activated protein kinase kinase (TAK1), via phosphorylation and sustained degradation of inhibitor (IkBa). 51 Moreover, an in -vitro ubiquitination assay identified XIAP as an ubiquitin-protein ligase for caspase-3. 52 XIAP promoted ubiquitination and subsequent degradation of active caspase-3, but not of procaspase-3. Thus, downregulation of XIAP may lead to decreased ubiquitin-protein ligase and NF-kB activity, resulting in increased sensitivity to apoptotic stimuli. 13, [50] [51] [52] Resistance to Apo2L/TRAIL was thus mediated by inhibition of both intrinsic and extrinsic apoptotic pathways. Compared to Apo2L/TRAIL, TNF-a ( a more potent inducer of NF-kB), may induce other antiapoptotic genes such as Bcl-X L and c-IAP-2, thus potentially counteracting the apoptotic signaling by TNF-a. 48, 53 Overall, the results highlight the relative importance of IAPs in mediating resistance to apoptosis and thus as potential targets for therapeutic interventions in cancer.
Materials and Methods
Cell culture and IFN 
Transfection of SiRNA
Cells were seeded at 10 5 cells/ml in 10 cm dishes. Gene-specific siRNAs and the control siRNAs (20-40 nM) were added to media using lipophilic transfection reagent (Lipofectamine 2000, Invitrogen Inc., Carlsbad, CA, USA). Cells were lysed (48 and 72 h) in 1 Â lysis buffer, 17 incubated on ice for 20 min, followed by centrifugation at 12 000 g for 10 min.
Immunoblot analyses
SDS PAGE was conducted by using Laemmli buffer system and 12% polyacrylamide gels. Whole cell lysates (20 mg) were used for all immunoblotting experiments. Proteins separated on gels were transferred onto PVDF membrane by the semidry method (Trans Blot SD, BioRad, Hercules, CA, USA). Binding of the primary and secondary antibodies was performed in 1 Â Tris-buffered saline, pH 7.4 containing 5% (w/v) nonfat dry milk and 0.2% (v/v) Tween 20 for 1 h at room temperature. Membranes were immunoblotted with antibodies to Bcl-2, Bax, Bad, XIAP, FLIP, Bid (BD-Pharmingen, San Diego, CA, USA), survivin (Santacruz, Santacruz, CA, USA), caspase-3 and PARP (Biomol, Plymouth Meeting, PA, USA), followed by incubation with HRP-conjugated secondary antibodies (Pierce, Rockward, IL, USA). Immunoreactive bands were visualized by using enhanced chemiluminescence (Perkin Elmer, Boston, MA, USA).
Quantitative real-time RT-PCR
Primers for (UBE2L6, USP18 and GAPDH) were purchased from Applied Biosystems Inc. and used according to the manufacturer's instructions with Universal PCR Master Mix, No AmpErase UNG (Applied Biosystems Inc., Foster City, CA, USA). Briefly, A375 cells were transfected with lipofectamine 2000, si-Scr and si-XIAP. After 24 h, RNA was isolated using TRIZOL (Invitrogen Inc., Carlsbad, CA, USA) following the manufacturer's protocol. RNA was converted to cDNA, and 200ng of cDNA was used with the Universal PCRMaster Mix on an ABI PRISM Sequence Detection Instrument 7700. After 40 cycles, data reduction was performed with Sequence Detection System Software (Applied Biosystems Inc., Foster City, CA, USA).
Apoptosis assays

TUNEL assay
DNA fragmentation was assessed in siRNA and Apo2L/TRAIL-treated cells by TUNEL staining using the APO-BRDU TM kit (BD-Pharmingen, San Diego, CA, USA). Briefly, cells were washed with cold PBS, trypsinized and fixed in 1% paraformaldehyde for 15 min on ice. Fixed cells were washed twice with PBS, pelleted and suspended in 70% ethanol. Cells were kept 424 h at À201C in 70% ethanol. 
Caspase activity assay
Caspase-3, caspase-8 and caspase-9 activities were measured using a commercially available ApoAlert assay kit (Clonetech, Palo Alto, CA, USA). siRNA-transfected cells either left untreated or treated with TRAIL/ Apo2L (1, 2 and 4 h) were washed twice with cold PBS and lysed on ice in 50 ml of cold lysis buffer. Cell lysates were centrifuged at 10 000 Â g for 10 min to precipitate cellular debris. Assay was performed in triplicates in a 96-well plate based on the manufacturer's protocol.
Annexin V/PI assay
Annexin V staining of exposed membrane phospholipid phosphatidylserine was carried out using the Annexin V assay kit (BD-Pharmingen, San Diego, CA, USA) following the manufacturer's protocol. The percent Annexin V and PI-positive cells were analyzed by FACS.
